Shrews (Soricomorpha: Soricidae) are particularly vulnerable to mortality associated with small-mammal livetrapping. We compiled data on mortality rates and protocols from 16 different small-mammal studies and analyzed 16 years of livetrapping data from a single study in Algonquin Provincial Park, Ontario to assess factors affecting shrew mortality. In the comparison across studies, accidental mortality ranged from 10% to 93%. Mortality was lower in studies conducted in locations and at times of year with warmer average temperatures. We found no differences in mortality among bait and trap types across these 16 studies. In our intrastudy analysis from Algonquin Park, Sorex spp. experienced high mortality (81%) regardless of environmental conditions. In contrast, northern short-tailed shrews had low overall mortality (13%), but mortality increased on rainy nights and on colder nights when overnight temperatures dropped below 108C. Comparisons between 2 trapping protocols within Algonquin Park suggested that both Blarina brevicauda and Sorex sp. experienced higher mortality in Sherman compared with Longworth traps, but these effects were confounded by other differences in methodology between studies. Although we found evidence consistent with some shrew mortality being caused by caloric constraints, experimental studies on bait supplements are necessary to test whether providing highcalorie baits is an efficient method to reduce the widespread shrew mortality that occurs in small-mammal livetrapping studies.
Livetrapping of small mammals for research often incurs unintentional mortality of both target and nontarget species. Researchers conducting livetrapping have an ethical obligation to try to minimize trap-induced mortality by ensuring that livecapture methods do not injure or excessively stress the animal (Sikes et al. 2011 ). This obligation requires that live traps be adequately supplemented with food and water and effectively protected from predation and temperature extremes. Trapping guidelines from the American Society of Mammalogists (ASM) also recommend prompt and frequent checks of live traps to minimize mortality (Sikes et al. 2011) .
Shrews (Soricomorpha: Soricidae) are particularly vulnerable to live trap mortality, but reported rates of accidental mortality are variable. Getz et al. (2004) reported 40.1% mortality in the northern short-tailed shrew (Blarina brevicauda) over a 25-year study in Illinois when traps were checked at 12-h intervals. Dizney et al. (2008) reported 40.0-64.3% mortality of Sorex trowbridgii and Sorex vagrans in Oregon, whereas in Michigan Getz (1961) observed 91% mortality in Sorex cinereus with Sherman traps checked at 12-h intervals. In studies designed to capture shrews as the target species, as opposed to shrews being captured as by-catch or as part of an overall small-mammal assessment, traps are typically checked more frequently and shrew mortality rates are much lower. Hawes (1977) and Shchipanov et al. (2005) checked traps for Sorex spp. every 1.5 h and Ressing (2008) checked traps for northern short-tailed shrews every 4 h. These studies reported mortality in less than 5% of captures. It has, therefore, been recommended that traps for shrews be checked every 1.5 to 2 h (Merkens et al. 1998; Sikes et al. 2011) . Unfortunately, this short interval may be impractical for many field studies of small mammals that are not specifically targeting shrews, in which, for example, traps are typically set just before dusk and checked soon after dawn (Sikes et al. 2011 ).
The biology of shrews can provide important insights into factors likely to affect their mortality rates in live traps. Shrews are among the world's smallest mammals and, therefore, have relatively large surface-area-to-mass ratios. To remain homoeothermic, shrews must compensate for their high rate of heat loss and high metabolic rate by foraging throughout the day (Churchfield 1990; Merritt and Vessey 2000) . Shrew mortality in traps has often been attributed to the high caloric requirements of these animals (Pearson 1947; Churchfield 1990; Merritt 1995) . The fast metabolism of shrews also results in high rates of evaporative water loss (Chew 1951; Churchfield 1990) , which may further reduce survival in live traps.
The diets of shrews consist primarily of insects, insect larvae, and annelids (Hamilton 1930 (Hamilton , 1941 . When trapping shrews, some authors recommend blowfly (Calliphora sp.) pupae or mealworms (Tenebrio molitor) as bait (Churchfield 1990; Merkens et al. 1998) . Small-mammal studies that trap shrews as by-catch, however, frequently use only peanut butter, grains, or seeds for bait (e.g., sunflower seeds or oats). So it is perhaps not surprising that mortality of shrews in livetrapping studies is reduced when traps are baited with high-protein and high-calorie food items that are readily consumed by shrews, such as mealworms (Stromgren 2008) or whitefish (Yunger et al. 1992) .
Despite accidental shrew mortality being widely acknowledged by mammalogists using livetrapping, few studies have investigated which factors contribute to high shrew mortality and how to mitigate these adverse effects (Stromgren 2008; Yunger et al. 1992) . High shrew mortality in live traps could be due to several nonmutually exclusive causes including thermoregulatory demands, high metabolic rate, and evaporative water loss, as well as the type of trap and amount of time spent in the trap. Persistence of accidental shrew mortality during small-mammal livetrapping indicates a need to conduct a comprehensive assessment of possible causes. One approach is to compare mortality rates and protocols among and within previous studies involving shrew capture in live traps. Individual studies typically capture only 1 or 2 species of shrews, are performed in one general area, and follow 1 particular protocol. Important causes of shrew mortality could be revealed by comparing rates of mortality across studies in relation to ambient temperatures during trapping, frequency with which traps are checked, and particular trap type or bait used. Conversely, an intrastudy analysis of a long-term livetrapping data set can also evaluate the importance of seasonal or environmental factors (e.g., temperature) while keeping trapping protocols constant. Some of these potential causes of accidental mortality are amenable to practical mitigating recommendations (e.g., bait type or trap type used). Other factors affecting shrew mortality might be more difficult or impossible to mitigate (e.g., ambient temperature) but would nevertheless provide a better understanding of the causes of accidental shrew mortality in live traps.
We assessed factors affecting shrew mortality in smallmammal live traps using 2 data sets. The 1st data set contained 16 years of small-mammal livetrapping data from Algonquin Provincial Park, Ontario, Canada. This intrastudy data set was used to test effects of environmental factors (temperature, precipitation, and time of season) and trapping conditions (trap type). The 2nd data set was compiled by soliciting shrew capture and mortality data and general field protocols from various researchers in North America. This interstudy data set compared mortality rates across studies and tested whether high accidental mortality was affected by the trapping conditions (study type, bait, trap type, bedding provisions, hydration provisions, and the frequency with which traps were checked) and environmental factors (temperature).
MATERIALS AND METHODS
Intrastudy comparison.-Small-mammal livetrapping has been conducted yearly in Algonquin Provincial Park, Ontario, Canada since 1952 to monitor abundances of several smallmammal species (Fryxell et al. 1998; Falls et al. 2007 0 W) near Lake Sasajewun from May to September each year. Each line was operated for 3 consecutive nights every 2 weeks using 10 pairs of galvanized steel Sherman traps (30.5 3 7.5 3 7.5 cm) placed at 10-m intervals along each transect. Each trap was baited with a small handful of water-soaked black-oil sunflower seeds (Helianthus annuus), and polyester bedding was provided for insulation. Traps were set just before sunset and checked the following morning soon after sunrise, at which point they were disassembled so that no animals were caught during the day.
Species of shrews in Algonquin Park include northern shorttailed shrews (B. brevicauda) and 4 species of Sorex: masked shrew (S. cinereus), smoky shrew (S. fumeus), pygmy shrew (S. hoyi), and American water shrew (S. palustris). Sorex species are difficult to distinguish morphologically in the field, and no effort was made to identify them to species because livetrapping in Algonquin Park was conducted primarily to monitor abundance of rodents. Thus, data were reported collectively as Sorex. Northern short-tailed shrews are easily distinguishable from Sorex because of their much larger size; they range from 18 to 30 g (Wilson and Ruff 1999) compared with a range of 6.5 to 9.9 g (7.6 g average) for S. fumeus (Owen 1984 ) and a range of 2.5 to 6.0 g (3.6 g average) for S. cinereus (Whitaker 2004) . Captured shrews were released immediately if they were alive. Livetrapping protocols followed ASM guidelines (Sikes et al. 2011) and were approved by the University of Guelph Animal Care Committee.
Daily weather data were obtained from the Environment Canada National Climate Data and Information Archive from 2 weather stations near Algonquin Park. The Dwight station (51 km from the Algonquin research station) provided data from 1995 to 2004 and the Algonquin Park East Gate station (11 km from the Algonquin research station) provided data from 2006 to 2011. We used minimum daily temperature in our analyses of shrew mortality because the minimum typically occurs just before or during sunrise and would be the best estimate available of the coldest temperature experienced by shrews in traps. We did not examine the effect of precipitation on mortality with this data set because the weather data obtained from Environment Canada provided a daily total precipitation, making it impossible to determine whether precipitation occurred while animals were in the traps.
We compiled a 2nd data set using only data from 2009 to 2011 from the 17 lines, which used Sherman traps (described above), and from 2 additional sites, which used Longworth live traps (13.8 3 6.4 3 8.4 cm) for a nearby study on deer mice (Peromyscus maniculatus), to evaluate the effect of trap type on shrew mortality. These 2 studies, however, were not specifically designed to test for effects of trap type, and they differed in several other parameters. As a result, we refer to these 2 studies as ''small-mammal transects,'' which used Sherman traps, and ''deer-mouse grids,'' which used Longworth traps. In addition to the differences in trap type, the deermouse grids had traps set in a grid pattern at 20-m intervals at each of 2 sites, which were 16 ha and 16.2 ha in size. Longworth traps on the deer-mouse grids were similarly set just before dusk and checked soon after sunrise, but trapping was conducted semiweekly (i.e., trapped every 3 or 4 days) rather than 3 consecutive nights every 2 weeks as on the Sherman transects. From 2009 to 2011, precipitation was recorded at the Wildlife Research Station every morning before traps were checked, which allowed us to look at the effect of precipitation on shrew mortality. In 2011, an estimate of whether or not seeds were eaten in a trap when shrews were captured was added to the protocol for both the small-mammal transects and the deer-mouse grids.
All statistical analyses were performed using R version 2.15.1 (R Core Team 2012). The data were coded 0 for alive and 1 for dead, so positive parameters in our models represented effects that increased mortality. We analyzed all shrew captures to compare differences in mortality between northern short-tailed shrews and Sorex, and then analyzed these taxa separately for both data sets (1995-2011 and 2009-2011) . Separate generalized linear models with a binomial error distribution (logit link function) tested for effects of minimum daily temperature and Julian date on mortality of northern short-tailed shrews and Sorex for the 1995-2011 data. We tested for nonlinear effects of date and temperature using a cubic spline with the R package mgcv (Wood 2006) . No nonlinearities were detected with the Sorex subset, but we included a quadratic term in the model with Julian date with the northern short-tailed shrew subset to account for a nonlinear effect. There was also a nonlinear effect of temperature for northern short-tailed shrews but, in this case, we introduced a breakpoint of 108C (chosen from visualizing the trend of the data; see Fig. 1 ) and analyzed the data in 2 parts ( 108C, . 108C).
For the 2009-2011 data, we ran separate generalized linear models (binomial error distribution, logit link function) to test whether northern short-tailed shrew and Sorex mortality differed between the small-mammal transects and the deermouse grids. We analyzed effects of precipitation in a single model with study type and shrew species included as fixed effects. The 3-way interaction between precipitation, study type, and shrew species was not significant and was removed from the model to test the 2-way interactions. Given that the small-mammal transect and deer-mouse grids also differed in the frequency with which trapping was conducted, we tested whether shrew mortality differed between the 1st, 2nd, or 3rd consecutive night of a trapping session on the small-mammal transects using a generalized linear model (binomial error distribution, logit link function). If shrews are recaptured and are energetically stressed, then we would expect higher mortality on subsequent nights. The significance of this 3-level factor of capture night (i.e., 1st, 2nd, or 3rd) was assessed using an analysis of deviance where the deviance explained by ''night'' was compared with that explained by the null model using a v 2 test statistic and 2 degrees of freedom. All models were checked for overdispersion using the ''quasibinomial'' family in R, and none was overdispersed.
Interstudy comparison.-To gather data on shrew mortality and livetrapping conditions across studies, we contacted numerous researchers across North America to solicit data on shrew mortality and general field protocols (e.g., trap type, bait, frequency of checks). We received usable data from 17 different studies, only 1 of which was specifically designed to study shrews. Whittaker and Feldhamer (2005) checked traps within 4 h and reported very low mortality rates (0.6%). We restricted our comparisons to the remaining 16 studies where the explicit goal was not to monitor shrews per se (see Table 1 for general locations, and years and months when trapping was conducted for each study).
On the basis of data from the remaining 16 researchers, we compiled the following predictor variables: type of study, trap type, bait, whether anything was provided for hydration, whether bedding was provided, frequency of checks, and average minimum temperature. Study types fell into 2 categories: small-mammal community assessment studies, and studies that caught shrews as by-catch. Trap types included Sherman, Longworth, and live pitfall traps; we also used a ''multiple'' category for studies that used more than 1 trap type. Researchers provided descriptions of the bait used, which we categorized into seed/grains, seed/fat/protein mixes (e.g., oats with peanut butter), and no bait provided. We condensed the frequency with which traps were checked into 2 categories: 5-10 h and . 10 h. To get a relative estimate of the general climate among studies, we used monthly climate normals obtained from Environment Canada's National Climate Data and Information Archive for studies in Canada, and from the National Climatic Data Centre for studies in the United States to obtain average minimum temperatures for the months of the studies. We used climate normals from 1971 to 2000 for the closest weather station to the location of each study for which these data were available; weather stations were within 60 km of the study locations. We used minimum temperatures because all studies included in the analysis conducted overnight trapping.
We analyzed the interstudy data using nonparametric tests because high variability in mortality among studies led to high overdispersion with parametric logistic regression models, preventing us from accounting for differences in sample sizes among studies. Instead we treated each study as a single datum, each with equal weight. Due to the relatively small number of studies, we only tested 1 factor at a time, which prevented us from being able to assess interaction effects. We tested the effects of factors with 2 levels using a Wilcoxon rank-sum test, factors with more than 2 levels using a Kruskal-Wallis test, and we performed a Spearman rank correlation to test an association between temperature and the proportion of mortality (Zar 1996) . In addition to testing effects of trapping and environmental conditions on shrew mortality, we tested whether protocols differed depending on temperature normals for the geographic location where the study was performed. For example, we tested whether studies that provided bedding or bait tended to be in areas with lower average temperatures.
RESULTS
Intrastudy comparison.-From 1995 to 2011, on the 17 traplines monitored in Algonquin Provincial Park, Ontario, 1,226 shrews died in traps and 3,050 were released alive. Mortality of northern short-tailed shrews varied annually between 6% and 38%, and Sorex mortality varied between 68% and 91%. Across all years, mortality of Sorex (81%) was much greater than that of northern short-tailed shrews (13%; Z ¼ À34.6, P , 0.001). Northern short-tailed shrews were more likely to die in a trap on colder nights, but only when the temperature was , 108C (Z ¼ À5.0, P , 0001). Above this 108C threshold, there was no relationship between temperature and mortality (Z ¼ À1.48, P ¼ 0.14; Fig. 1 ). There was no relationship between minimum daily temperature and mortality of Sorex (Z ¼À0.61, P ¼ 0.54; Fig. 1 ). We found evidence of a nonlinear seasonal trend in mortality whereby northern shorttailed shrew mortality declined toward the middle of summer but then increased toward the end (Julian date: Z ¼À6.37, P , 0.001; Julian date 2 : Z ¼ 6.39, P , 0.001). There was no From 2009 to 2011, northern short-tailed shrew mortality was 21% (n ¼ 342 captures) in the Sherman traps on the smallmammal transects, and 6% (n ¼ 1,139) in the Longworth traps on the deer-mouse grids. For Sorex, mortality was 84% (n ¼ 333) on the small-mammal transects, and 70% (n ¼ 227) on the deer-mouse grids. Both species were more likely to die in Sherman than in Longworth traps (northern short-tailed shrews: Z ¼ 8.16, P , 0.001; Sorex: Z ¼ 3.93, P , 0.001). Differences in mortality rates between the 2 study types did not differ between Blarina and Sorex (shrew species 3 study interaction: Z ¼ À0.32, P ¼ 0.75). Mortality did not differ between subsequent trapping nights for either northern shorttailed shrews (v 2 2 ¼ 1.2, P ¼ 0.55; mean mortality 1st night
Mortality of northern short-tailed shrews was higher on nights with rain (20%) than on nights without rain (8%); however, there was no difference in the mortality rate of Sorex on nights with rain (72%) and without rain (79%; species 3 precipitation interaction: Z ¼ 3.2, P ¼ 0.002). In 2011, consumption of sunflower seeds was recorded for 67% of shrew captures. Northern short-tailed shrews consumed at least some sunflower seeds in 93% of 1,098 captures, which was significantly higher than the proportion for Sorex (53% of 117 captures; Fisher exact test, P , 0.001).
Interstudy comparison.-In the 16 studies in which shrews were caught as nontarget species or as part of a small-mammal community assessment, reported mortality rates ranged from 10% to 93%. The average shrew mortality rate was 47% for small-mammal community assessment studies, which did not differ from studies where shrews were caught as by-catch (59%; Wilcoxon rank-sum test: W ¼ 24, P ¼ 0.73). The mortality rate in studies in which traps were checked every 5-10 h (39%) did not differ from the mortality rate in studies in which traps were checked at intervals longer than 10 h (60%; Wilcoxon rank-sum test: W ¼ 14, P ¼ 0.25).
We found a marginally significant trend for studies that were conducted in locations and times of year with higher average minimum temperatures to report lower mortality rates than studies that were conducted when local average minimum temperatures were lower ( Fig. 2 ; Spearman rank correlation: r s ¼À0.49, P ¼ 0.054). Mortality did not differ among bait types (Kruskal-Wallis test: v 2 2 ¼ 3.37, P ¼ 0.19), but variability was lowest among studies that used no bait (Fig. 2) . Protocols differed among studies depending on temperature, as studies that did not provide bait were conducted at higher average temperatures (18.48C) than those that did provide bait (8.18C; Wilcoxon rank-sum test: W ¼ 39, P ¼ 0.003). Surprisingly, studies that provided bedding in traps had higher mortality than those that did not provide bedding ( Fig. 2 ; Wilcoxon rank-sum test: W ¼ 11, P ¼ 0.045). The average temperature of studies that provided bedding (9.28C) was not significantly lower than studies that did not provide bedding (11.68C; Wilcoxon ranksum test: W ¼ 36, P ¼ 0.56).
Although mortality rates varied among trap types from 23% for pitfall traps to 83% for Longworth traps, no significant difference was detected (Kruskal-Wallis test: v 3 2 ¼ 6.81, P ¼ 0.08). There was a high degree of variability in mortality in Sherman traps among studies (n ¼ 7), but very little variability in pitfall traps (n ¼ 4; Fig. 2) . Our sample of studies that used Longworth traps (n ¼ 3) caught only Sorex spp., whereas studies that used Sherman traps caught both Blarina and Sorex spp. or exclusively Blarina spp. Studies that provided something for hydration (apple pieces or a moist sponge) did not differ in mortality from studies that did not provide anything for hydration (Wilcoxon rank-sum test W ¼ 25.5, P ¼ 0.87).
DISCUSSION
Patterns of accidental mortality differed between northern short-tailed shrews and Sorex. Sorex experienced high mortality rates during overnight livetrapping, as noted in earlier studies (Anthony et al. 2005; Getz 1961) , and this high mortality was independent of minimum temperature and precipitation and was relatively constant throughout the trapping season (May to September). When Sorex is being trapped, the simplest method to effectively reduce mortality is to keep the interval between trap checks short, for example, the 1-2-h recommended interval for shrew-specific studies (Merkens et al. 1998; Sikes et al. 2011) . Another potential solution is to change the type of bait being provided. Sorex is likely not obtaining the calories needed from sunflower seed bait, because in 47% of captures (from 2009-2011 in Algonquin) the bait was not eaten at all. This is not that surprising since the masked shrew (one of the Sorex species found in Algonquin Park) eats little plant material, only 1% by bulk in stomach contents analysis (Hamilton 1930) . That caloric constraints may be an important factor affecting mortality of Sorex is supported by studies that have reduced the mortality rate using high-calorie baits that are readily consumed by shrews (e.g., fish -Yunger et al. 1992 ; raw beef or pork -Craig 1995; mealworms-Stromgren 2008) . In a follow-up study to this one (Do et al. 2013) , the experimental addition of mealworms to the traps significantly reduced mortality of Sorex compared with traps baited with only sunflower seeds.
Overall mortality rates for northern short-tailed shrews were low, in part because mortality was reduced when environmental conditions were favorable. Mortality of northern short-tailed shrews was affected by minimum temperature and precipitation, such that survival was greatest on warm and dry nights. Thus mortality of northern short-tailed shrews in live traps may be partially explained by problems thermoregulating on cold and wet nights. Mortality of northern short-tailed shrews decreased toward the middle of summer and then increased near the end. The high mortality of northern short-tailed shrews in late summer may be the result of senescence, because shrews are short-lived animals and adults usually only live for about 15 months (Pearson 1945; Whitaker 2004) .
Northern short-tailed shrews were more likely to consume some of the sunflower seed bait provided in the traps. Northern short-tailed shrews eat some plant material (11% by bulk of stomach contents-Hamilton 1930) and will eat sunflower seeds in captivity (Hamilton 1930 ). Thus, it is possible that northern short-tailed shrews are able to get a sufficient amount of calories from the seeds to keep them alive as long as environmental conditions are favorable.
Both northern short-tailed shrews and Sorex were more likely to die in Sherman traps on the small-mammal transects (northern short-tailed shrews: 21% mortality; Sorex: 84% FIG. 2.-Differences in shrew mortality across the 16 studies in which Longworth (L), pitfall (P), Sherman (S), or multiple trap types (M) were used, bait types (seeds ¼ grain or seeds, mix ¼ seed/protein/fat mix, none ¼ no bait provided), whether bedding was provided in the traps (N ¼ no, Y ¼ yes), and average minimum temperature (8C) calculated from monthly climate normals from 1971 to 2000 for the nearest weather station to each study area with these data available. The upper and lower extents of the boxes depict the upper and lower quartiles of mortality rates within each category. The bars represent the extent of the data up to a maximum of 1.5 times the interquartile range. mortality) than in Longworth traps on the deer-mouse grids (northern short-tailed shrews: 6% mortality; Sorex: 70% mortality) in Algonquin Park. It seems unlikely that whether traps were aligned in transects or grids would affect shrew mortality. Also, we found no effect of the night on which a shrew was captured (i.e., 1st, 2nd, or 3rd consecutive night of a trapping session) on mortality in the small-mammal transect study so it seems unlikely that differences in trapping frequency (3 consecutive nights every 2 weeks versus once every 3 or 4 days) were responsible for the difference in shrew mortality. It seems probable that our observed differences in mortality between studies were due to the type of trap used, although this needs to be tested directly. It is not clear which attributes of Sherman and Longworth traps might have caused this difference in mortality. One of the main differences between these 2 trap types is the door; it is spring-loaded in Sherman traps but not in Longworth traps and it is possible that the capture process is more stressful in a Sherman than a Longworth trap. The nest box part of Longworth traps is made of solid metal with no gaps or hinges in the construction (unlike Sherman traps) and might provide better protection from the elements, but we found no interaction between trap type and precipitation on mortality of shrews. Longworth traps have less volume (742 cm 3 for the nest box only, 1,005 cm 3 for both the box and tunnel) than the Sherman traps we used (1,716 cm 3 ), so it is possible that shrews are better able to maintain body heat in a smaller space, although both traps are quite large relative to the size of a shrew. Of the few studies that have directly compared the effectiveness of Longworth and Sherman traps (Morris 1968; Anthony et al. 2005) , only the latter compared mortality rates between traps and found that the mortality rate of Sorex was not affected by the type of trap used.
Shrew mortality is not an issue for researchers targeting shrews in their trapping efforts (Craig 1995; Hawes 1977) . This was evident in our data set; the only response to our solicitation for data that specifically targeted shrews reported exceptionally low mortality (0.6%). When shrews are the target species, the simplest method to effectively reduce mortality is to keep the interval between trap checks short. For example, the study that specifically targeted shrews was the only one in which traps were checked within 4 h (Whittaker and Feldhamer 2005) . Shrew mortality associated with livetrapping is an issue, however, for researchers conducting small-mammal community assessments or studies in which shrews are caught as bycatch, in which traps are often set overnight and cannot be checked as frequently. Our interstudy analyses revealed that mortality was no different between small-mammal community assessments and studies in which shrews are caught as by-catch (47% and 59%, respectively). In both study types, traps were checked at either medium (5-10 h) or long time intervals (. 10 h), and mortality did not differ between these check frequencies. Stromgren (2008) found significantly lower shrew mortality when traps were checked at medium time intervals (8-9 h) compared with long intervals (~12 h), but only when traps were supplemented with mealworms. Although the frequency with which traps are checked is likely to influence shrew mortality, it may not make a difference once the interval is greater than the 1-2-h recommended interval for shrewspecific studies (Merkens et al. 1998; Sikes et al. 2011) .
We found no difference in mortality among trap types across the 16 studies that we surveyed. This is in contrast to the results of the Algonquin study in which we found a difference in mortality between Sherman traps and Longworth traps. However, our comparison of trap types among studies was confounded by the fact that studies that used Longworth traps caught only Sorex spp., whereas studies that used Sherman traps caught both Blarina and Sorex spp. or exclusively Blarina spp. The low variability in mortality rates for pitfall traps suggests that they do not have as high mortality as box traps, despite the fact that 3 of the 4 studies using pitfalls did not provide bait, whereas all studies using box traps provided bait. Although there was no difference in mortality among bait types, studies that did not provide bait (all 3 of which used pitfall traps) had low variability in mortality. This observation could be explained by invertebrates getting trapped in the pitfalls and providing an excellent food source for trapped shrews. It could also be explained by the fact that studies that did not provide bait tended to be in areas with warmer temperatures than studies that did provide bait.
Studies conducted in warmer average minimum temperatures had lower mortality rates than studies done in colder average minimum temperatures. Although this effect was only marginally significant, it was supported by our results from the Algonquin data set, which indicated that temperature had an important effect on mortality of northern short-tailed shrews in live traps. Although we found a difference in mortality among studies that used bedding and those that did not, it was in the opposite direction, with higher mortality when bedding was provided. We might attribute this to an effect of climate, but we found no difference in the average temperature among studies that did or did not provide bedding.
Shrew mortality associated with livetrapping is an important issue for all researchers conducting small-mammal studies and not specifically targeting shrews in their capture efforts. Here we have attempted to provide a comprehensive survey of rates of accidental shrew mortality in live traps and to test empirically several factors that are often assumed by smallmammal researchers to affect shrew mortality on the basis of their anecdotal experience in the field. Our results suggest that environmental factors (temperature and precipitation) affect mortality, as well as perhaps the type of trap used. Our findings suggest that Longworth traps are preferable to Sherman traps, although further research is needed to properly test this effect before clear animal welfare recommendations can be made. Our findings also indicate that accidental shrew mortality (particularly northern short-tailed shrews) can be reduced if trapping is restricted to times of year or nights when nightly minimum temperatures do not drop below 108C and when precipitation is absent. These restrictions on the timing of trapping will clearly not be possible for some studies. However, in other instances these changes in study design could reduce shrew mortality rates without compromising other scientific objectives. Finally, we found some evidence that mortality may be due to caloric constraints, but experimental tests of bait supplements (Do et al. 2013 ) provide a much more direct assessment of the benefits of providing high-calorie bait supplements for reducing accidental shrew mortality in live traps. Implementing some or all of these fairly simple modifications to current protocols could lead to meaningful reductions in the rate of accidental mortality of shrews captured in livetrapping studies of small mammals.
